Objective: Despite increasing diversity in the US population, substantial gaps in collecting data on race, ethnicity, primary language, and nativity indicators persist in public health surveillance and monitoring systems. In addition, few systems provide questionnaires in foreign languages for inclusion of non-English speakers. We assessed (1) the extent of data collected on race, ethnicity, primary language, and nativity indicators (ie, place of birth, immigration status, and years in the United States) and (2) the use of data-collection instruments in non-English languages among Centers for Disease Control and Prevention (CDC)-supported public health surveillance and monitoring systems in the United States.
Since 1965, the US population has become increasingly diverse in culture, race, ethnicity, and language use. Immigration from numerous countries is a major cause of these profound demographic changes. 1 During 1965 to 2015, an estimated 59 million immigrants came to the United States, accounting for more than half of the nation's population growth. During that same period, the proportion of foreign-born people increased from 5% to 14% of the total US population. 1 In 2014, 21% of the US population spoke a language other than English at home. 2 For decades, multiple federal agencies, advisory groups, and researchers have recommended that US national health data systems increase their efforts to accurately assess the racial, ethnic, and linguistic diversity of the US population as an essential step in eliminating health disparities. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Recommendations have included collection of more detailed data on race and ethnicity in addition to the current minimum federally required Office of Management and Budget (OMB) standard categories. 10 Proficiency in English and language spoken at home have been proposed for documenting primary language. In addition, indicators of nativity (eg, place of birth, immigration status, and years in the United States) have been increasingly recognized as crucial. [3] [4] [5] [6] [7] [8] [9] [11] [12] [13] 15, 16 In 2016, the Centers for Disease Control and Prevention's (CDC's) Advisory Committee to the Director also recommended collection of more detailed data on race, ethnicity, language preference, and immigrant status "in all research studies, all health care settings, and all public health data sets [emphasis added], as an essential component to achieving health equity." 17 Because a substantial proportion (9%) of the US population has limited-English proficiency, translation of questionnaires and access to interpreters have also been recommended to improve the representativeness and quality of data collected. 5, 18 US public health surveillance and health monitoring systems are critical for quantifying changes in population health, identifying and responding to emerging health challenges and health disparities, and evaluating the effectiveness of public health programs. 19 In addition to data systems designed for surveillance of notifiable diseases, health monitoring systems include population-based surveys, vital records, disease registries, and hospital discharge data systems. 20 CDC coordinates, operates, and supports activities of national health data systems through standardization, analysis, and dissemination and by providing funding and other resources. 21 The amount and detail of data collected by those systems may depend on multiple factors, including purpose, stakeholder information needs, data sources, resources, and local, state, and federal policies. A principal question is whether national data systems have adapted their procedures to properly capture data on changing US demographic characteristics.
The primary objective of this study was to assess the extent to which CDC surveillance and health monitoring systems collected indicators of race, ethnicity, primary language, and nativity. A secondary objective was to assess these systems' use of data-collection instruments in languages other than English.
Methods
We identified CDC-supported public health surveillance and health monitoring data systems that were active anytime from 2010 through 2013 by searching online federal government health data. [22] [23] [24] [25] We included only those data systems that collected and reported data periodically or on an ongoing basis (eg, nationally notifiable disease systems, annual health surveys, disease registries, vital records, and hospital discharge data systems). 26 We excluded data systems monitoring only environmental conditions (eg, air, water, animal vectors, or animal health), as well as CDC-supported global health monitoring systems that were implemented exclusively overseas.
Variables of interest were race, ethnicity, primary language, and nativity indicators. For each data system, we searched the website, technical documentation, datacollection instruments (case report forms, questionnaires, and internet-based data-entry applications), and publications to assess if the demographic variables of interest were collected and with what level of detail, as well as if datacollection instruments were available in languages other than English. If needed, we contacted a CDC data system representative to obtain information about the system.
We used the following criteria to categorize the detail of information collected by data systems:
Race and ethnicity: We defined data on race and ethnicity as basic if the system used some version of the 1997 OMB federally required minimum data standards 5 racial categories (American Indian or Alaska Native, Asian, black or African American, Native Hawaiian or other Pacific Islander, and white) and 2 ethnicity categories (Hispanic or Latino and not Hispanic or Latino). 27 We defined data on race and ethnicity as detailed if the system collected more detailed data on race (eg, Vietnamese) or Hispanic/Latino ethnicity (eg, Puerto Rican). Place of birth: We defined data on place of birth as basic if the system collected only dichotomous data on variables (eg, US-born and foreign-born) and detailed if data on the country of birth were collected. Immigration status: We defined data on immigration status as a yes if the system collected data about citizenship, refugee status, or other legal immigration category. We defined immigration status as a no if such data were not collected. Data on unauthorized immigration status are not collected by CDCsupported health monitoring systems. Primary language: We defined data on primary language as a yes if the system collected data on preferred language, language spoken at home, English-speaking ability, language of the interview, or the need for an interpreter to interview a participant. Years in the United States: We defined data on years in the United States as a yes if the system collected questions about the year of arrival or the number of years living in the country.
For analysis, we grouped the data systems as follows: (1) case-based (individual case reports or aggregated counts of reported cases [eg, National Notifiable Diseases Surveillance System]) 28, 29 ; (2) population survey (periodic collection from a population probability sample [eg, National Health Interview Survey]) 30 ; (3) registry (structured system to track all cases of a disease or condition, births, or deaths among a defined population [eg, cancer registries, vital records]); (4) administrative (data collected mainly for administrative purposes [eg, hospital discharge data]); and (5) multiple sources (system that compiles data on variables from various sources [eg, asthma surveillance using vital statistics, hospital discharges, and surveys]) (Table 1) . 20 
Results
We identified 125 CDC-sponsored surveillance and health monitoring systems. Diseases and conditions being monitored included, but were not limited to, infectious diseases, chronic conditions, injuries, mortality, and birth defects. We classified systems as case-based (n ¼ 54), population survey (n ¼ 22), registry (n ¼ 16), administrative (n ¼ 16), and multiple sources (n ¼ 17) ( Table 2) .
Of the 125 data systems reviewed, 100 (80%) collected data on race and ethnicity; 2 of the systems that collected data on ethnicity did not collect data on race. Twenty-six (21%) systems collected detailed data on race, and 27 (22%) systems collected detailed data on ethnicity. Thirteen (10%) systems collected data on primary language. For nativity indicators, 40 (32%) systems collected data on place of birth, of which 31 (25%) systems collected detailed information. Fourteen (11%) systems collected data on immigration status (most frequently citizenship), and 21 (17%) systems collected data on years in the United States. Fourteen or fewer (11%) systems collected data on the 5 questions about the respondent's parents. The wording of questions used to collect data on variables of 
Case-based
Case-based refers to individual case reports or aggregated counts of reported cases. Population survey refers to periodic collection from a population probability sample. Registry refers to a structured system to track all cases of a disease or condition, births, or deaths for a defined population (eg, cancer registries, vital records). Administrative refers to data collected mainly for administrative purposes (eg, hospital discharge data). Multiple sources refers to a system that compiles variables from various data sources (eg, asthma surveillance using vital statistics, hospital discharges, and surveys).
interest varied by system. Twenty-nine (23%) data systems had a data-collection instrument translated into non-English languages, all of which were population surveys or multiplesource systems using survey data. Most of these systems (27/ 29) provided questionnaires in Spanish, and 2 provided questions in Chinese. (25) 17 (31) 6 (27) 7 (44) 1 (6) Case-based refers to individual case reports or aggregated counts of reported cases. Population survey refers to periodic collection from a population probability sample. Registry refers to a structured system to track all cases of a disease or condition, births, or deaths for a defined population (eg, cancer registries, vital records). Administrative refers to data collected mainly for administrative purposes (eg, hospital discharge data). Multiple sources refers to a system that compiles variables from various data sources (eg, asthma surveillance using vital statistics, hospital discharges, and surveys). Data on variables and their degree of detail varied by type of data system. For example, of the 22 population surveys, 15 collected data on race or ethnicity, 11 collected data on detailed race categories, and 14 collected data on detailed ethnic categories. Of the 54 case-based systems, 37 (69%) collected data on race (only 5 of which collected detailed data) and 39 (72%) collected data on ethnicity (only 2 of which collected detailed data). Data collection on primary language ranged from 10 of 22 population surveys to none of the administrative or multiple-source systems. Data collection on place of birth varied from 10 of 16 registries to none of the multiple-source systems. No registry, administrative, or multiple-source system collected data on immigration status or years of residence, whereas 5 of 22 population surveys collected data on immigration status and 10 of 22 population surveys collected data on years in the United States.
Data collection also varied within data systems. For example, in the National Notifiable Diseases Surveillance System, only basic data on race and ethnicity were collected on the various data forms used for all of the approximately 100 notifiable conditions monitored by the system. Data on additional variables were collected only for a few conditions.
Discussion
Many CDC-sponsored surveillance and health monitoring systems have not fully adapted their procedures for completely and accurately capturing data on the increasing diversity of the United States by gathering data on race/ethnicity, primary language, and nativity. Gaps in data collection were greatest for primary language and nativity indicators and varied by type of data system. We also observed a lack of standardization in questions used to obtain data on variables of interest, limiting comparability across data systems. In addition, most systems do not translate their data-collection instruments, which could prevent non-English speakers from participating, particularly for self-administered questionnaires or when collecting data directly from people. Similar gaps in US national data systems have been reported, but published assessments focused only on collection of data on race and ethnicity or health conditions or included only a few national data sources. 5, 9, 10, 16, [31] [32] [33] [34] [35] [36] Our findings may be partly explained by the diversity of systems included in the assessment in terms of main objectives, data needs, personnel and financial resources, who collects the data, and whether data are collected directly from people or extracted from existing records and subsequently reported to CDC. Current OMB standards for data collection relate only to race/ethnicity and are not required for all data systems. 5 Lack of resources and the need to limit the burden to reporters and maintain comparability with historic data might be important barriers to changing the system. For some surveillance systems, state and local partners determine which data are collected and what to report to CDC. 20 Other surveillance systems may limit monitoring to distinct indicators, such as over-the-counter prescription sales, and detailed data on demographic characteristics may be less relevant and/or not available. 20 Case-based systems frequently focus on disease and risk factors and clinical course of illness, with limited demographic data gathered by health care providers and laboratory personnel. In contrast, data for population surveys include detailed data on demographic characteristics, usually collected by professional interviewers, to assess differences in health among population groups. 20 
Race and Ethnicity
Our findings revealed that approximately 20% of data systems did not collect any data on race or ethnicity. Among those that did, most collected only basic information. Currently, federal data systems are not required to collect data on race and ethnicity. However, extensive evidence indicates that omitting detailed data on race and ethnicity, or aggregating diverse communities into simplified racial/ethnic categories, limits public health practitioners' ability to identify health disparities among certain populations. 4, 7, 8, 13, 16, 37, 38 For example, smoking prevalence among Hispanic people overall (13.5%) is substantially lower than among non-Hispanic white people (23.8%). However, smoking prevalence varies among certain Hispanic-origin subgroups, with a rate of 21.6% for Puerto Ricans. Such a disparity affecting Puerto Ricans would likely remain hidden and unaddressed if data were collected only on Hispanic ethnicity and no subgroups. 13 
Primary Language
Few data systems collected data on primary language. Data on primary language are important because people who are not proficient in English have multiple health disparities, including poorer health status, less access to health care, lower quality of health care, and less usage of preventive services, as compared with English-proficient people.
7,39-42 Data on primary language are also useful for guiding decisions about which languages should receive high priority for use in questionnaires or for translation services delivered to the public.
Nativity Indicators
The importance of collecting data on nativity indicators has long been recognized. 3 Foreign-born people are an increasing proportion of the US population. 1 International migration is an important factor in the global spread of emerging infectious diseases and can have profound effects on disease epidemiology at both national and local levels, 43 yet most data systems in our assessment did not collect data on any nativity indicators.
Nativity indicators are important for identifying health disparities. 5, [12] [13] [14] 36, 44 Although foreign-born people may have more favorable indicators for selected conditions (eg, breast and lung cancer) than does the US-born population, 13, 16 they have substantial disparities in other conditions (eg, infectious diseases, access to health care) compared with US-born populations of the same race and ethnicity and after adjusting for socioeconomic factors. 16, 34 Among foreign-born people, health insurance and vaccination coverage typically are lower for non-US citizens, newer immigrants, and those born in Latin America. 45 Longer length of US residence, in contrast, is associated with increased risk for such health conditions as diabetes, obesity, and substance abuse. 16, 35 One-quarter of all US children live with at least 1 foreignborn parent. 2 Children of immigrant parents, even for US-born children, have risk factors, health outcomes, and barriers to health access that differ from those of children with US-born parents. 16, 42 Collection of data on parents' primary language and nativity indicators is, therefore, essential for monitoring US children's health.
Data-Collection Instruments in Foreign Languages
Our finding that most data systems exclusively use datacollection instruments in English is of concern only for systems that collect data directly from people, particularly if surveys are self-administered. In other settings, translation services can be made available as needed. Otherwise, respondents with limited English proficiency may be underrepresented or excluded from participating in data collection. Even if they do participate, there may be inaccuracies in the data. Consequently, the representativeness, validity, reliability, and completeness of such data are likely to be reduced. [46] [47] [48] This observation is particularly relevant for those geographic regions, health conditions, and racial/ethnic groups with high proportions of people with limited English proficiency. 49 
Limitations
Although extensive, the data systems included in this assessment do not represent all CDC-supported data systems for population health monitoring but should rather be considered a convenience sample. We did not provide a full list of the data systems because many systems were inactive in 2017, had made changes in the data that were collected, or did not have a website describing the system. Thus, our findings applied only to the data systems included in this study and to the data they collected during the study period. Also, we based the assessment primarily on public-use documentation available; as such, it may not reflect all data pertaining to each system. Finally, we based the grouping of data systems into various categories based on our interpretation of available documentation; thus, some data systems may have been misclassified.
Lessons Learned
The findings from this assessment, along with evidence from previous reports (including those from federal agencies and national advisory groups [3] [4] [5] 7, [9] [10] [11] [12] [13] [14] 18 ), suggest the following strategies for data systems to consider for improving the quality, standardization, and representativeness of data on the health of the US population:
Collection of detailed data on race, ethnicity, primary language, and nativity: Collection of these indicators using US Census Bureau-validated questions is suggested for comparability and to provide appropriate population denominators (Figure) . 3, 50 Translation of data-collection instruments into nonEnglish languages: For data systems that collect data directly from people, languages for translation can be prioritized based on the most prevalent languages spoken at home by members of the non-English-speaking target population. Such information is available from US Census Bureau data and sometimes from collaborating organizations. Validating the cultural appropriateness of translated documents is necessary for ensuring equivalence of meaning across languages. In addition, using trained bilingual interviewers can ensure higher-quality data collection. 5, 48, [51] [52] [53] The relevance and degree of implementation of recommended strategies by data systems may depend on their purpose and available resources, among other factors. Data systems could prioritize new variables based on their public health needs and resources. Integration of strategies may be easier for new data systems in the planning stages. Changes in a data system, including modification and translation of datacollection instruments and databases, may impose logistic or resource challenges and may increase the burden of data collection on data providers and the public. However, system changes can provide gains in the quantity, quality, and completeness of the resulting data. Data systems with greater resources (eg, national surveys and enhanced populationbased surveillance systems) may have more capacity than those based on passive reporting from health care providers to implement the recommended strategies. 54 Multiple-source systems may choose to extract data on the recommended variables if they are available in one of the data sources they use. Emerging technologies may also minimize burdens in collecting new data and in translating data-collection instruments. 53 The feasibility of these strategies is demonstrated by multiple national (eg, National Health Interview Survey, Tuberculosis Surveillance System) and state (eg, California Health Interview Survey) data systems that have implemented them for decades. 55 More recently, the National Notifiable Diseases Surveillance System and ArboNET (for Zika case reporting) added country of birth to their report forms. 28 The CDC Listeria Initiative also added detailed subcategories on race, ethnicity, country of birth, and primary language and made its questionnaire available in Spanish. 56 Adopting these strategies is also crucial from an ethics perspective, to prevent the potential exclusion of people from federal data-collection activities and to allow the identification of populations with health disparities that may otherwise remain invisible and underserved. To complement those strategies, innovative and efficient data-collection and analysis approaches, such as periodic targeted surveys, data modeling, and linking across data sets, have been recommended. 5 Finally, enhanced data collection and analysis require appropriate safeguards to protect the privacy and confidentiality of respondents and to prevent stigmatization of racial/ethnic minority populations. 7 CDC has strict privacy and security policies and procedures for collecting, storing, and releasing personally identifiable data by surveillance and health monitoring programs, in compliance with federal regulations. 57 
Conclusion
The US population is becoming increasingly diverse in race, ethnicity, language, and nativity. To protect and improve the health of all US populations, 20 surveillance and health monitoring systems may need to adapt to changing US demographic characteristics and capture complete and accurate data on the nation's diversity.
Gaps in data collection identified in this article can be filled by using feasible strategies based on strong scientific and ethical justification. The recommended strategies can enhance the scientific quality of information needed to support public health practice and make the nation better equipped to respond to emerging health challenges and eliminate health disparities.
